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We experimentally realized an optical nanofiber-based cavity by combining a 1-D photonic crystal and Bragg grating structures. The cavity morphology comprises a periodic, triplex air-cube introduced at the waist of the nanofiber.
The cavity has been theoretically characterized using FDTD simulations to obtain the reflection and transmission spectra. We have also experimentally measured the transmission spectra and a Q-factor of ∼ 784 ± 87 for a very short periodic structure has been observed. The structure provides strong confinement of the cavity field and its potential for optical network integration makes it an ideal candidate for use in nanophotonic and quantum information systems.
Strong, efficient light-matter interactions are essential for quantum computing and quantum communication systems. To reduce complexity, and to compensate for the general unsatisfactory scalability of light-matter systems in free space, optical nanofibers (ONF) are proving to be a very useful tool for hybrid quantum devices wherein quantum emitters are coupled to the fiber-guided modes via the evanescent field extending from the nanofiber surface. In recent years, significant research effort has been invested in order to interface various quantum emitters, including neutral atoms [1] [2] [3] [4] [5] [6] [7] centimeter-long cavity on a nanofiber and they proposed that the system could be used for strong-coupling cavity quantum electrodynamics (cQED) 25 . A composite photonic crystal cavity based on a nanofiber has also been formed by means of an external grating 26 , and has been used to observe a significant enhancement of the spontaneous emission rate of single quantum dots into nanofiber guided modes 8, 9, 27 . In addition, a fiber ring cavity containing a nanofiber section that strongly couples atoms to the cavity mode has been studied recently 28, 29 .
In this letter, we investigate a nanofiber-based cavity that incorporates both FBG and PhC structures in order to exploit the advantages of both simultaneously. Mirrors in this cavity exhibit higher reflectivity than other reported nanofiber cavities that are based solely on Bragg gratings or on 1-D photonic crystal structures. Accordingly, we can obtain a higher quality factor for the FBG-PhC cavities under similar conditions. This paves the way for studying optical nonlinear effects and cavity QED using nanofiber-based cavities. We have characterized the transmission and reflection of the three ONF cavity types using III lead to apparent changes in the optical spectra, whereas it has relatively little effect in the Type II structure. Moreover, the spectral width for the Type III structures is much wider and deeper than that for Type I and Type II. From these observations, the Type III cavity mirrors retain better optical characteristics with high reflectivity, caused by increased modulation of the etched-air units. In the following, we will focus on this type of cavity. was focused on the ITO-coated ONF for milling the structure. Scan electron microscopy (SEM) was used to measure the ONF diameters and to monitor the fiber during the milling process. A sample SEM image of an ONF cavity is given in Fig. 4 , for a fiber diameter of ∼ 830 nm, a milled-air square length of ∼ 100 nm, a fabrication period of ∼ 310 nm and cavity length of ∼ 2.2 µm.
After fabrication, the cavity was optically characterized by recording transmission spectra in the usual manner. A super-continuum laser (NKT Photonics Inc.) was coupled to the fiber pigtails, and the cavity transmission from the fiber output was recorded on a laser spectrum analyzer (LSA) (HighFinesse Inc.). This was repeated for different input polarizations. By rotating a half wavelength plate, the input polarization was aligned with the two orthogonally-polarized cavity modes. values, we estimate that the Q-factor of our cavity can reach 784 ± 87. The simulation also indicates that the width of the transmission peak could be decreased to GHz or even MHz linewidth if the cavity length were increased. This compact design nanofiber cavity with mode volume of ∼1.05 µm 3 using the parameters in figure 4 shows great potential for application in strongly coupled solid-state, or even atomic, systems as a means of enhancing the interaction strength between single quantum emitters and single photons.
In summary, we have developed a compact nanofiber optical cavity using a focused ion beam technique. Mirror structures on an ONF exhibit a higher reflectivity than those of Bragg gratings and 1-D photonic crystal structures. The cavity's optical characteristics were investigated both experimentally and by FDTD simulation. The measured resonance wavelength is in good agreement with the theoretical resonance around the D 2 line. With a relatively short period, we estimate that the quality factor of the cavity structure could reach 784 ± 87, which can be further improved by increasing the cavity length or mirror periods.
These structures are show potential for studying cavity QED effects and for constructing large-scale quantum networks in the future.
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